In this paper, we consider the Dirac-Hartree-Fock equations for system has many-particles. The difficulties associated with Gaussians model are likely to be more complex in relativistic DiracHartree-Fock calculations. To processing these problem, we use accurate techniques. The fourcomponent spinors will be expanded into a finite basis-set, using Gaussian basis-set type dyall.2zp to describe 4-component wave functions, in order to describe the upper and lower two components of the 4-spinors, respectively. The small component Gaussian basis functions have been generated from large component Gaussian basis functions using kinetic balance relation. The considered techniques have been applied for the heavy element 83 Bi. We adopt the Gaussian charge distribution model to describe the charge of nuclei. To calculate accurate properties of the atomic levels, we used Dirac-Hartree-Fock method, which have more flexibility through Gaussian basis-set to treat relativistic quantum calculation for a system has many-particle. Our obtained results for the heavy atom (Z=83), including the total energy, energy for each spinor in atom, and expectation value of <r n > give are good compared with relativistic Visscher treatment. This accuracy is attributed to the use of the Gaussian basis-set type Dyall to describe the four-component spinors.
Introduction
In many areas of physics many-particle problems are solved by generating a basis-set of suitable single-particle solutions, and then by using this basis to obtain approximate solutions for the full many-particle problem. This approach will be used to solve the DiracCoulomb Hamiltonian. The strategy of the Dirac-Hartree-Fock approach for calculating the electronic structure of atoms is to setup an expectation value of the Dirac-Coulomb Hamiltonian, and minimize it with respect to variations in the four-component wave function. The increasing use of all-electron four-component methodology for relativistic effects in atomic structure calculations brings with it a need for basis-set [1] . The main purpose of this work was to show that, if one starts from numerical results for atoms and fits the radial wave functions of the large components and small components of fourcomponent spinors, one can generate in a few more steps a Gaussian basis-set which is successfully applicable to atoms such as Biatom. In most relativistic quantum calculations based on expansion methods, the nuclei charge distributions are described by a Gaussian charge distribution model. The Dirac equation for a single electron in the field of point charge can be solved analytically [2] . We describe the status of the problem of the electron structure of the heavy atom with nuclear charge Z=83. In relativistic calculations on heavy element consist for computational reasons of Gaussian functions and it is difficult to describe a function with a non-zero derivative at the origin. Therefore, we use relativistic basis sets to solve this problem. The four-component wave function will be expanded into a finite basis-set, by using Gaussian basis functions to describe 4-spinors. The use of Gaussian type Dyall basis-set in relativistic Dirac-HartreeFock calculations is likely to prove more difficult than in the corresponding nonrelativistic cases. Relativistic effects are most important in heavy atoms. It will be necessary to treat these atoms species with DiracHartree-Fock basis-set expansion calculations. The treatment of some relativistic effects requires an accurate description of the wave function in the inner core origin.
Theory
The standard Dirac-Hartree-Fock equations which contain the Coulomb interactions between the electrons are derived for system with N-electrons [3] , by minimizing the expectation value of the total energy for an atom, giving: (1) where ( ) and ( ) represent the radial components of the wave function. The terms inside the first summation in equation (1) represents the total energy for one electron with only one occupied shell, ( , ), ( , ) are the radial integrals and Γ represents the Clebsh-Gordan coefficient, and the terms in the second summation represent the total exchange energy. The factor −1 2 after multiplying exchange energy give total exchange energy between one electron and the electrons in other shells. The terms inside the last summation represents the total Coulomb energy for an atom, the factor
represents the number of pairs electrons in a-shell. The 4-spinor wave function structure may be expanded in a Gaussian basis-sets as [4] . ( ) ( ) are the Gaussian basis-sets for large and small components, respectively, given by [5] .
The factors in the exponents are the only adjustable parameters of these basis functions and they are usually called the exponents of the basis function. are normalization factors. Equation (1) has been set up for many-electron atoms. However, it is instruct to minimize it for a oneelectron atom. In the one-electron limit, there is no Coulomb repulsion or exchange energy between electrons. The terms inside the first summation in equation (1) represent the total energy for one electron in an atom as:
And since one electron has only one occupied shell, so the summation disappears. Equation (6) for one electron can be rearranged slightly to become (7) where V(r) is the nuclear Coulomb potential felt by the electron. In this work we adopted the Gaussian distribution model to describe the nuclear charge. The Gaussian nuclear charge distribution is given by [2] ( ) = ( ) 3 2 ⁄ ( 2 2 ) .......... (8) where Z is the nuclear charge and the exponent of the normalization Gaussian type function represents the nuclear charge distribution, determined by the root-mean-square radius of this distribution via the relation Where is the exponential parameter choosen to give a root-mean-square value. The potential V(r) in equation (7) Where ρ N (r I ) represents the nuclear charge distribution. When the wave functions are constrained to be normalized, such that Ia, b is given by [7] If we vary u(r), while everything else remains constant, the change in energy ∆ 1 for one electron is given by:
The first term in equation (13) causes some trouble, and can be solved by using integration by parts to solve varying ∆ ( ). The right way to minimize a quantity subject to a constraint for one-electron, is to use the Lagrange multipliers method given as [8] : The equations (18) and (19) are a pairs of Dirac-Hartree-Fock. The symbol ∑ ′ means summation over pairs. Every pair is only summed once, not twice. ( ), represents the potential for each electron shell which differs for each electron, where , and , represent the diagonal and off diagonal energies, respectively. The term ( , , ) is derived from the exchange energy between the electron and the others electrons in all other shells.
Calculation and Results
The Dirac-Hartree-Fock radial functions of the shells occupied in the ground state, were determine for the natural atom with, Z=83. The large components ( ) of these shells and the small components ( ) are depicted in the figures for the atom 83 Bi. The large and small radial functions described by relativistic Gaussian basis-set of double-zeta-polarization. Fig.(1) represent the large components for all orbitals of 83 Bi atom and Fig.(2) shows the magnification of large radial functions in Fig.(1). Fig.(1) : The large radial functions in atomic units against R(a.u) for all orbitals for Bi-atom using Gaussian-dyall.2zp basis-set.
Fig.(2):
The small radial functions in atomic units against R(a.u) for all orbitals for Bi-atom using Gaussian-dyall.2zp basis-set. Fig.(2) shows the small component radial functions for all orbitals of 83 Bi atom. It is clear that the small components radial functions are more compact and short ranged than the large component functions in Fig.(1) . The effect of nuclear charge distribution on the spinor energy is notable when switching from the singular potential of point nucleus to Gaussian nucleus potential. The Gaussian nuclear potential is not different very much, most important is the effect on relative energies. The spinor energies in Dirac-HartreeFock level, explained in Table (1) for heavy element (Z=83) in Hartree atomic units. The results show the diffrence between two different nuclear charge distribution models. In non-relativistic theory the interaction between the electron and nuclei have traditionally been described by the simple Coulomb interaction = − ⁄ , where r is the distance between an electron and the point nucleus with charge Z.
All the orbitals in atoms have zero amplitude at the nucleus except for s-orbital which has a cusp of the form exp (−αr). In relativistic calculations, the S1/2 spinor for Bi-element instead has a weak singularity at the nucleus as explained in Fig.(3) .
Fig.(3):
The radial ( ) and ( ) components in atomic units against R(a.u) for 1S1/2 orbital of Bi-atom using Slater type orbital with point model. In atomic calculations one expands the wave function in a large set of Gaussian basis set functions to solve the weak singularity. In this paper we adopted two models to describe the nuclear charge distribution, first model is point charge and the second is Gaussian charge model. Fig.(4) displays the radial functions ( ) and ( ) components for 1S1/2 of the Bi-element. The set 24s-contractive functions of Gaussian basis-set type dyall.2zp, to describe large component for the 1S1/2 spinor, and the set 20s-contractive functions to describe the small component for the 1S1/2 spinor. 
Conclusion
The relativistic Dirac-Hartree-Fock total energy of the ground state for Bi-atom using dyall.2zp basis sets, is -21565.70280668 a.u. with Gaussian charge model. compared with numerical calculations (visscher) is -21572.23594272 a.u. The difference in the two values is -6.5295699399 a.u. This value is not small if one takes into account. In the relativistic atomic calculations, the point charge model is not recommendable, especially, at or closer to the nuclei. This is because singularity appearance. Therefore, we adopted the Gaussian charge model combined with Gaussian basis functions to obtain accurate description for closer orbital. The total Dirac-Hartree-Fock energy for an atom depend quite a lot on the models for charge distribution.
